Introduction
A very important part of the evolution of the solar system relates to the evolution of the minor planets. Amongst other characteristics, the fundamental attributes of an asteroid are its shape, the parameters that define its rotational motion, its taxonomic class and its possible colour and/or albedo variegation on its surface. Physical properties of asteroids such as their shapes, spin periods and spin axes can help in constructing our knowledge of their collisional evolution (Tedesco & Zappala 1980; Farinella et al. 1981; Dermott et al. 1984) .
Lightcurve observations of an asteroid are planned for more than one night to improve the accuracy of the period determination, to define the phase relation and absolute brightness as function of the solar phase angle and to determine possible albedo and colour variegation on the surface. Multiple observations of lightcurves from different aspects as an asteroid orbits provide information about spin period, axis orientation and body shape.
In this paper lightcurves of 40 Harmonia, 45 Eugenia and 52 Europa taken in 1997, for two observing periods are presented, one during September and the other during October, from the observatory of Sierra Nevada, Spain (0.9 m Telescope). Our object is to increase the ecliptic longitude coverage of these asteroids to obtain a larger data base relating to their asteroidal lightcurves in order to improve future work on their rotational and shape properties.
Here, uvby Strömgren photometry for 40 Harmonia, 45 Eugenia and 52 Europa are obtained and used to derive phase coefficients correction, multiple scattering factors, Strömgren and Johnson zero-phase angle magnitudes and colour indices and to determine possible colour variegation of the surface of these asteroids during their rotational cycles. Results for rotational and shape parameters for these asteroids have also been obtained and compared with previous results.
Observations
The observations were carried out on different nights of September and October 1997 using the 90 cm telescope at Sierra Nevada Observatory, Spain. This telescope is equipped with a six channel uvbyβ photometer for simultaneous measurements in uvby or in the H β channels, respectively (Nielsen 1983 ), but only uvby measurements were collected during this observing run.
In order to make differential photometry, different sets of comparison stars were used during September and October. The comparison stars were chosen taking into account their spectral type (close to solar) and in the neighbourhood of the asteroids for better reduction of the data avoiding extinction problems. Each set of comparison stars contains one main comparison and one check star. During September observations C1=SAO 146842 (V = 7. m 2, F8) was used as the main comparison star and C2=SAO 146908 (V = 7. m 6, F8) as a check star. During October observations C3=SAO 165708 (V = 6. m 4, G0) was used as the main comparison star and C4=SAO 165638 (V = 7. m 7, G5) as a check star. In order to make the two sets of comparison stars compatible the main and the check stars of both sets were observed simultaneously during different nights. The observing and reduction procedure was standard, based on consecutive measurements of the selected main comparison star, check comparison star, asteroids and sky reading. During the observations reported here, neither of the comparison stars showed any sign of variability within 0. m 005.
To transform our data into the standard uvby system we have used the same procedure described in Rodríguez et al. (1997) . After differential magnitudes in the standard system were obtained for the asteroids with respect to one main comparison star (C1=SAO 146842) we correct them to unit distance from the sun and the earth and perform light-time corrections to all the observations. Then, we transform these differential magnitudes to absolute magnitudes using the absolute values of C1, V = 7. Hauck & Mermilliod (1998) .
Analysis
In Table 1 the aspect data for each asteroid, the longitude and latitude relative to the ecliptic, the solar phase angle, the geocentric, r, and heliocentric, ∆, distances, are listed for every day of observation.
Photometry
These observations were carried out during different nights of September and October when each asteroid had different phase angles, thus different magnitudes were observed. The mean reduced magnitudes observed for each uvby Strömgren filter, uvby (1, α) , the average phase angle of the observations, α, and the range of phase angle covered, during September and October observations, are presented in Table 2 . The observed Strömgren colour indices, b − y and u − b, are also listed.
We have applied a linear phase correction to transform the observed uvby reduced magnitudes to zero-phase angle magnitudes, uvby (1,0). No significative differences are found in the individual linear phase coefficients, β filter , obtained using the different Strömgren filters. The slight differences found are, in all the cases, within the error bars of the determinations, but these slight differences could influence the colour indices when they are transformed to zero-phase angle. In order to preserve the colour indices measured, a mean linear phase coefficient, β m , that is more suitable for the observed magnitudes at phase angles greater than 7
• in all the Strömgren filters, is used to transform to zero-phase angle magnitudes. The magnitudes uvby (1,0) are calculated as uvby(1, α) = uvby(1, 0) + β m α. This relation has been applied to the measurements taken during October when the solar phase angles were greater than 7
• for all the asteroids. Lumme & Bowell (1981a , 1981b showed that the light observed at phase angle α relative to the luminosity at zero phase is decomposed into a single scattering part and a multiple scattering part, and the magnitudes at phase angle α can be expressed as
Here, φ(α) is the corresponding phase function for single scattered light and Q is the multiple scattering factor. Lumme & Bowell (1981b) found that φ(α) can be expressed as φ(α) = 1 − sinα/(0.124 + 1.407 sinα − 0.758 sin 2 α) in the phase range 0
We have used all the data measured from September to October, for each asteroid, to find the values of Q filter and V filter (0) which produce the best fit, for each filter, to the Lumme & Bowell (1981b) relation.
The Strömgren magnitudes and colour indices obtained by linear analysis, uvby(1, 0), and those obtained by following the radiative transfer theory of Lumme & Bowell (1981b), uvby(0) , are shown in Table 2 . These Strömgren values are transformed into the UBV Johnson system by using the transformation equations of Warren & Hesser (1977) to transform the Strömgren b−y and u−b colour indices to Johnson B − V and U − B colour indices. As the "y" standard magnitude obtained using the "y" Strömgren filter is equivalent to the "V " magnitude of the "V " Johnson filter, knowing the B − V and U − B colour indices, the B and U magnitudes are calculated directly. The Johnson magnitudes and colour indices obtained are 
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In order to obtain the corresponding rotational synodic periods for each asteroid, analysis of frequencies were carried out on our data using the method described in Rodríguez et al. (1998) magnitudes observed during September need a greater phase angle correction than that applied to those observed during October when the phase angles are greater than 7
• . Therefore September magnitudes are shifted by additional constants of +0. m 07, +0. m 18 and +0. m 05, in all the uvby filters, for 40 Harmonia, 45 Eugenia and 52 Europa, respectively. The composite lightcurves obtained for each asteroid show very regular shapes with two maxima and two minima per rotation cycle.
Poles and shapes
Poles and shapes for these asteroids have been determined using the Epoch/Amplitude method (see Taylor 1979; Magnusson 1986 and Magnusson et al. 1989) . Lightcurve data reported in the literature together with lightcurves obtained here for these asteroids have been used in the analysis. Most of the lightcurves used in this work can be found in the Asteroid Photometric Catalogue by Lagerkvist et al. (1987 Lagerkvist et al. ( , 1988 Lagerkvist et al. ( , 1992 ). The Table 3 .
We use the method proposed by Michalowski & Velichko (1990) that use the Epoch and Amplitude equations to build expressions,
, where k is the number of pairs of lightcurves used for the Epoch equations, m is the number of lightcurves used for the Amplitude equations, T sid is the sidereal period of rotation of the asteroid, λ p and β p are the pole coordinates of the asteroid, a ≥ b ≥ c are the symmetry axes of the asteroid (considered as a triaxial ellipsoid of axis a ≥ b ≥ c rotating about their shortest axis) and β A is a phase coefficient taking into account the phase angle effects on the amplitude of the lightcurves. Following the work of De Angelis (1993), we have used the same procedure of standardization of the variables f l , dividing each f l by the standard deviation σ of all f l of the same group of equations, and then, these First of all we look for a mean synodic period that suits all the epochs of maximum light for each asteroid. There are cases where this mean synodic period is not well defined, as it is possible to choose between different mean synodic periods. For these cases we look for different solutions for each of the possible mean synodic periods by using a grid of λ p and β p as trial poles making a leastsquare fit for each trial pole, first for prograde and then for retrograde solutions. The solutions with least residuals are considered as the most probable solutions. In this way we obtain a more likely solution for the corresponding values of T sid, λ p , β p , a/b, b/c and β A simultaneously.
In Table 4 we have listed the final solution obtained for T sid, λ p , β p , a/b, b/c and β A for each asteroid, together with the mean synodic period used. Previous solutions reported by earlier authors are also shown in Table 4 .
Results

40 Harmonia
40 Harmonia is a S-type asteroid (Tholen 1989 ) with a diameter of 111 km (Tedesco 1989) . From our data we find a synodic period for 40 Harmonia of 8 h 54 m 36 s . The composite lightcurves obtained for 40 Harmonia show a regular shape in all the uvby filters, with two maxima and two minima per rotational cycle. The maximum amplitude in all the uvby filters is of 0.
m 15 and the amplitude averaged in the rotational cycle is of 0.
m 13. No significative difference in the lightcurve amplitude is found in the lightcurves measured during October, α = 12.
• 001, with respect to those measured during September, α = 4.
• 025. The colour indices do not show any variation greater than the scatter of the data during the rotational phase of this asteroid (see Fig. 1 ).
Using m 382 found by using the radiative transfer theory of Lumme & Bowell (1981b) and with the values reported in the TRIAD file of . The difference found in the magnitudes deduced for both methods, V (1, 0) − V (0 • ), of 0. m 33 is as expected for all the asteroids (Bowell & Lumme 1979) . The multiple scattering factor obtained from the u Strömgren filter, Q u , is smaller than that obtained from the other Strömgren filters, that have very similar values. However the difference found for the Q u factor is within the error bars of the determination and thus may not be significant. The average value found in all the Strömgren filters of the multiple scattering factor, Q m , of 0.141 ± 0.021 is in agreement with the mean value of an asteroid of type S (Bowell & Lumme 1979) . Tancredi & Gallardo (1991) 
• , a/b = 1.27 and b/c = 2.07. Here we obtain the best fit considering 40 Harmonia as a prograde rotator obtaining T sid = 0.
d 3711872 being λ p = 22
• , β p = 28 the determination of its sidereal period and rotational parameters.
45 Eugenia
45 Eugenia is a 214 km FC-type asteroid (Tedesco 1989; Tholen 1989) . This asteroid has been observed during eight oppositions between 1969 and 1988 and now in 1997. We find a synodic period of 5 h 42 m 00 s from our data. The composite lightcurves obtained for 45 Eugenia show regular shapes in all the uvby filters, with two maxima and two minima per rotational cycle. The scatter of the data is greater in the u and y filters. The maximum amplitude in all the uvby filters is of 0. m 12 and the amplitude averaged in the rotational cycle is of 0. m 11. No significant differences in the amplitude can be deduced from our data for October observations, α = 9.
• 83, with respect to September observations, α = 1.
• 046. The colour indices during the rotational phase of this asteroid show large dispersions. The b − y colour index seems to present maximum values at half of the rotational phase of this asteroid while the u − b colour index seems to show a variation anticorrelated with that of the b − y curve. However these variations are within the scatter of the data and may be of no significance (see Fig. 2 ). values reported for C type asteroids, and also for U type asteroids (Bowell & Lumme 1979; Lumme & Bowell 1981b) .
Previous solutions show 45 Eugenia as a retrograde rotator. Here we obtain the best fit with T sid = 0. . This solution is in agreement with previous determined values for λ p and a/b, however the value of β p seems to be greater than the average value of the previous determinations (although Drummond et al. 1988 (although Drummond et al. , 1991 , reported values of β p = 44
• ). In Fig. 5 the observed amplitudes together with the theoretical, at zero phase angle, obtained with these values of a/b and b/c are plotted versus the aspect angle. This figure shows very dispersed amplitude values, for aspect angles from 40
• to 60
• , from 120
• to 150
• and close to 100
• . More lightcurves covering the gaps in the aspect angle would help us to discern the rotational parameters of 45 Eugenia.
52 Europa
This object is a CF-type asteroid (Tholen 1989 ) with a diameter of 312 km (Tedesco 1989) . Zappala et al. (1983) observed 52 Europa in January 1983 and obtained a synodic period of 5.
h 631 and an amplitude of 0. m 10. From our data we find a synodic period of 5 h 37 m 46 s . The composite lightcurves obtained for 52 Europa show regular shapes in all the uvby filters, with two maxima and two minima per rotational cycle (see Fig. 3 ). The maximum amplitude in all the uvby filters is of 0. m 20 and the amplitude averaged in the rotational cycle is of 0. m 14. No significant differences in the lightcurve amplitude can be deduced from our data at α = 7.
• 75 (October observations) with respect to those at α = 2.
• 77 (September observations) and the colour indices seem to be constant during the rotational phase of the asteroid.
A mean linear phase coefficient, β m , of 0.040 ± 0.012 mag/degree is obtained from all the Strömgren filters. This coefficient is obtained for an average phase angle of 7.
• 75 when a possible greater phase correction than the one deduced at greater phase angles is to be expected. We find mean values of V (1, 0) = 6. m 26 is slightly smaller than the expected but could be explained by considering that the magnitude, V (1, 0), has been obtained with a linear phase correction to values obtained at phase angles between 7
• and 9
• and, as was commented before, the linear phase coefficient used could be a little greater than that obtained at greater phase angles, producing a consecutive decrease in the extrapolation to the V (1, 0) magnitude. The values obtained here for the magnitude and the colour indices agree with the values reported in the TRIAD file.
There are slight differences in the values of the multiple scattering factors, Q filters , deduced using the different Strömgren filters. The value obtained in the y filter is the smallest one, increasing for the b, v and u filters. This value, Q y = 0.093 ± 0.026, is within the range of the mean values of Q V reported for a C-type asteroids (Bowell & Lumme 1979) . Scaltriti & Zappala (1977) , Zappala et al. (1983) and Barucci et al. (1986) Here we obtain the best fit when 52 Europa is considered as a prograde rotator (when 52 Europa is considered as a retrograde rotator the residuals coming from the Epoch method increase substantially) obtaining T sid = 0. previous determinations for λ p and β p obtained by Dotto et al. (1995) . However the values of β p obtained by Michalowski et al. (1995) are smaller. The value obtained for a/b is in agreement with previous determinations while the value found for b/c is greater than previous determinations. The values of the observed amplitudes and the theoretical ones calculated with this solution at zero phase angle are plotted in Fig. 6 . The agreement obtained is very good. Again new lightcurves for increasing the ecliptic longitude coverage of this asteroid would help to improve future work on the rotational properties of 52 Europa.
Conclusions
Lightcurves of asteroids 40 Harmonia, 45 Eugenia and 52 Europa from September to October 1997 are presented using uvby Strömgren photometry. The lightcurves obtained for these three asteroids show very regular shapes with two maxima and two minima per cycle. Although in all the cases the two peaks are of slightly different amplitudes. The absolute magnitudes and colour indices obtained agree well with previous measurements. No significative tendencies are found in the colour indices during their rotational phases. The values for the linear phase coefficients and for the multiple scattering factors obtained for 40 Harmonia and 52 Europa are in good agreement with the mean values expected for S-type and C-type asteroids, respectively. However, for 45 Eugenia a multiple scattering factor greater than the mean values expected for C-type asteroids (also for U-type) is obtained.
Values of sidereal periods, poles and shapes parameter are proposed. However lightcurves taken at different ecliptic longitudes and at different solar phase angles would help to obtain more accurate rotational and shape solutions.
